Abstract. The incidence of pancreatic cancer is increasing annually in Asia as a whole. Pancreatic cancer ranks sixth in terms of incidence of all malignant tumors. Circular RNA (circRNA) is a type of non-coding RNA which forms a covalently closed continuous loop. CircRNA is extensively expressed in the cytoplasm, and is markedly conservative and stable. MicroRNA (miR)-378a-3p and human (hsa)_circ_0006215 were detected using the reverse transcription-quantitative polymerase chain reaction (RT-qPCR) in tissue and cells. Western blot analysis detected the SERPINA4 and hsa_circ_0006215 expression in tissue. A Cell Counting Kit-8 assay was used to determine cell stability. Flow cytometry was used to determine the cell apoptotic rate. Transwell assays were used to determine cell migration. hsa_circ_0006215 was identified as a significantly upregulated circRNA. RT-qPCR results verified that, in 30 samples of pancreatic cancer tissue and paracancerous tissue, hsa_circ_0006215 expression was increased in pancreatic cancer tissue, miR-378a-3p expression was decreased in pancreatic cancer tissue, and SERPINA4 expression was increased in pancreatic cancer tissue (P<0.05). Using bioinformatics database and bioinformatics analysis, the interaction network of hsa_circ_0006215 indicated that this circRNA was most likely to regulate the expression of miR-378a-3p. Further interaction analysis revealed that the SERPINA4 gene was a regulatory target gene most likely to have an influence. The present study identified the effects of hsa_circ_0006215, miR-378a-3p and SERPINA4 signaling pathways in pancreatic cancer cells.
Introduction
The incidence of pancreatic cancer is increasing annually in Asia. Pancreatic cancer ranks sixth of all malignant tumors, and is the eighth and ninth leading cause of mortality in men and women, respectively (1) . One of the greatest problems in the medical field is obtaining an early diagnosis of pancreatic cancer. Using traditional methods, the majority of patients with pancreatic cancer are diagnosed at an advanced stage. The resection rate is markedly low and the prognosis is markedly poor in patients with advanced pancreatic cancer. Early detection is the only approach to improve the prognosis of pancreatic cancer (2) .
Endoscopic ultrasonography-guided fine-needle aspiration (EUS-FNA) is able to directly extract the pancreatic tissue (3) . Therefore, as it is difficult to distinguish the nature of pancreatic mass using computer tomography (CT) and EUS (4, 5) , EUS-FNA technology is a good option (6, 7) . In recent years, with the rapid development of molecular biology and high-throughput sequencing, it is possible to screen molecular markers for pancreatic cancer at the levels of genome, transcriptome and proteome. EUS-FNA provides reliable samples for genetic testing and gene sequencing. Making full use of molecular biology techniques to detect gene changes has promise as a novel diagnostic method.
Circular RNA (circRNA) is a type of non-coding RNA, which forms a covalently closed continuous loop. These tissue-specific transcripts are produced primarily by the exon or intron sequences of housekeeping genes. CircRNAs are extensively expressed in the cytoplasm, and are markedly conservative and stable. These features afford them special functions: Exerting the function of microRNA (miRNA) sponges, adjusting the selective splicing and encoding the protein as a transcription factor. CircRNAs are likely to be ideal biomarkers for cancer diagnosis. A previous study has confirmed that circRNAs are able to regulate the expression of a variety of cancer-associated miRNAs (8) . Certain circRNAs have miRNA-response elements, which are able to interact with miRNAs, thereby regulating the expression of the target gene. In islet β-cells, microRNA (miR)-7 inhibitors are able to modulate the mammalian target of rapamycin signaling pathway in the process of cell proliferation (9) . Therefore, circRNAs may be a novel mediator of tumorigenesis and progression. CircRNA-miRNA-mRNA interaction networks serve a regulatory function in a number of cancer-associated signaling pathways, and have inhibitory or promoting effects on the occurrence of cancer. Owing to their potential clinical relevance, circRNAs may be the basis of studies concerning the prevention and treatment of cancer.
The human transcriptome contains mRNA and a large number of non-coding RNAs, including miRNAs and circRNAs, which have a regulatory effect by adsorbing miRNAs (10) . High-throughput specific microarrays have been used to screen and verify the candidate circRNA for certain types of cancer, suggesting that specific circRNAs may provide novel molecular markers for tumor diagnosis, prognosis and metastasis. RNA interference-mediated selective circRNA silencing may be used in the treatment of certain types of tumor (11) (12) (13) . CircRNAs are a class of specific endogenous RNAs, and are characterized by stable structure and increased tissue-specific expression (14) . A number of patients with pancreatic cancer are at an advanced stage when diagnosed, so they have missed the optimal time to undergo radical surgery. An ongoing problem of pancreatic cancer is the lack of sensitive indicators and diagnostic methods for early diagnosis. Therefore, it is a requirement to identify an ideal biomarker for increasing the early diagnostic rate of pancreatic cancer.
In the present study, the pancreatic cancer candidate biomarker human (hsa)_circ_0006215 for early diagnosis was screened using high-throughput sequencing of the pancreatic cancer transcriptome. The reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was used to verify that, combined with EUS-FNA that is able to obtain the specimen directly, hsa_circ_0006215 is expected to be a new biomarker for early diagnosis of pancreatic cancer. Transcriptional expression profiles and interaction screening results identified that hsa_circ_0006215 was a significantly upregulated circRNA. In the present study, hsa_circ_0006215 expression was verified in 30 pancreatic cancer tissue and paracancerous tissue samples. RT-qPCR results demonstrated that, compared with paracancerous tissue, hsa_circ_0006215 expression was increased in pancreatic cancer tissue, miR-378a-3p expression was decreased in pancreatic cancer tissue and SERPINA4 expression was increased in pancreatic cancer tissue. Further investigation of circRNA function may improve the understanding of the diseases associated with the underlying molecular mechanism of circRNAs, and improve the prevention and diagnosis of circRNAs-associated diseases. Using bioinformatics database and bioinformatics analysis, it was identified that the interaction network of hsa_circ_0006215 is likely to regulate the expression of miR-378a-3p. Further interaction analysis revealed that the SERPINA4 gene is a regulatory target gene likely to exhibit influence. The present study identified the effects of hsa_circ_0006215, miR-378a-3p and SERPINA4 signaling pathways in pancreatic cancer cells using in vitro assays. Sanger sequencing. At the back-splice junction site, primers were designed for RT-qPCR (Table I) . PCR products were sequenced to confirm that sequencing results were consistent with back-splice junction sequences. RT-qPCR primer specificity was also confirmed. Design, synthesis and sequencing of the primers were performed by Geneseed Biotech Co., Ltd., Guangzhou, China.
Materials and methods
qPCR assay. The corresponding primers were added for PCR amplification. Total RNA from tissues were reverse transcribed to cDNA using the FastQuant RT kit (including gDNase; cat. no. KR106; Tiangen Biotech Co., Ltd., Beijing, China) in 20 µl reactions. Triplicate qPCR assays were performed in 20 µl reactions using the FastFire qPCR PreMix (SYBRGreen) kit (cat. no. FP207; Tiangen Biotech Co., Ltd.) according to the manufacturer's protocol. The thermocycling conditions were as follows: Initial denaturation at 95˚C for 60 sec, 40 cycles of amplification at 95˚C for 20 sec and annealing and extension at 60˚C for 30 sec. GAPDH was used as an internal control for PCR amplification. Amplification efficiency was determined using amplification curves and product solubility curves. The data from RT-qPCR were analyzed using the ΔCq method (15) . The ΔCq value was determined by subtracting the GAPDH Cq value from the target circRNA Cq value. All results are expressed as the mean ± standard deviation of three independent experiments.
Western blot assay. Protein sample extraction: Cryopreserved tissue blocks were weighed, triturated in a triturator and transferred into Eppendorf tubes. Lysis buffer (cat. no. v900854; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was added to the tubes, which were placed on ice for 20 min. The lysate was aspirated ~15 times with a 1-ml syringe, prior to an additional 10 min of lysis at 4˚C. Subsequently, samples were centrifuged at 1,000 g for 20 min and at 400 g for 10 min. Following removal of the supernatant, 1 ml sample was cooled, resuspended in PBS and placed in a 1.5-ml centrifuge tube for centrifugation at 400 g for 5 min. Following discarding of the supernatant, 100 µl cell lysate containing phenylmethylsulfonyl fluoride was added, mixed and lysed on ice for between 15 and 20 min. During lysis, samples were repeatedly aspirated. After 10 min of centrifugation at 1,000 g, the supernatant was transferred to an additional centrifuge tube. The protein concentration was determined by a bicinchoninic acid protein quantification kit (cat. no. 23229; Thermo Fisher Scientific, Inc.). The protein samples (20 µg) were separated by 12% SDS/PAGE and transferred onto PVDF membranes. The membranes were blocked with 5% BSA for 1 h at room temperature, incubated with anti-SERPINA4 primary antibody (1:1,000; cat. no. CSB-PA021060ESR2HU; Cusabio Technology LLC, College Park, MD, USA) and anti-GAPDH antibody (1:10,000; cat. no. ab181602; Abcam, Cambridge, MA, USA) at 4˚C overnight, and washed three or four times for between 5 and 10 min with Tris-buffered saline containing Tween-20 (TBST). Subsequently, the membranes were incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG heavy and light chain secondary antibody (1:10,000; cat. no. ab205718; Abcam) at 4˚C for 1 h and washed three or four times with TBST. Protein bands were visualized using an enhanced chemiluminescence kit (Pierce; Thermo Fisher Scientific, Inc.) and quantified using Quantity One software (version 4.62; Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Cell culture. The human pancreatic cancer cell line PANC-1 was cultured in Dulbecco's modified Eagle's medium containing 10% fetal bovine serum, and 100 U/l penicillin and streptomycin in a 37˚C incubator containing 5% CO 2 . Medium was replaced every 24 h. At 80% confluence, adhered cells were observed and digested with 0.25% trypsin for cell passage. Each passage was for between 48 and 72 h.
Cell transfection. Plvx-CMV-minicrRNA6215-EF1-GFP-Puro (containing hsa_circ_0006215 cDNA), hsa_circ_0006215 small interfering RNA (siRNA; sense, 5'-AAG AAA CTG CTA GGT CAT AGA-3'; antisense, 5'-CTG CTA GGT CAT AGAG CTG TA-3') and controls siRNA (sense, 5'-GCG UUC UGG UCU UAC UGU UU-3'; antisense, 5'-AGA GAA UAA ACC CGC AGA CUU-3') were used for overexpression and silencing analysis. All transfection reactions were performed using Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). For analysis, the plasmid control and siRNA control were set as 1. assay. After 24 h of culture, 10 6 cells were centrifuged at 800 g for 5 min and the supernatant was discarded. Each cell treatment group was resuspended in culture medium in a 96-well plate and incubated at 4˚C for 24 h. CCK-8 reagent (10 µl) was added to each well. Subsequently, the plate was incubated at 37˚C for 2 h. The OD 450 values as a measure of cell viability were determined using a microplate reader.
Determination of cell viability using a CCK-8 (Cell Counting
Detection of cell apoptosis using flow cytometry. Suspended cells (10 5 ) were placed in a centrifuge tube and centrifuged at 800 g for 5 min. Following removal of the culture medium, samples were washed once with PBS and centrifuged at 800 g for 5 min. Cells were resuspended in binding buffer, incubated at room temperature in the dark for 10 min and centrifuged at 800 g for 5 min. Subsequently, cells were washed once with incubation buffer, incubated with fluorescent solution at 4˚C for 20 min, agitated in the dark and analyzed using flow cytometry. Annexin V and propidium iodide (PI) were used using the Annexin V-flurescein isothiocyanate/PI apoptosis detection kits (cat. no. KGA105; Nanjing KeyGen Biotech Co., Ltd., Nanjing, China).
Transwell cell migration assay. Cell suspension (100 µl) was added to Transwell chambers. Culture medium (500 µl) containing fetal bovine serum was added to the 24-well plate prior to incubation at 37˚C for between 12 and 48 h. The chambers were removed and washed with PBS. Cells in the upper layer were swabbed with a cotton swab. The samples were fixed with 95% alcohol for 5 min, stained with 4 g/l crystal violet and images were captured using an inverted light microscope (magnification, x200, 5 fields).
Delineation of circRNA-miRNA interactions. miRanda miRNA target prediction software (version 2.0) was used to predict miRNA targets of circRNAs and circRNA-miRNA interactions. To establish a circRNA-miRNA network, miRNA-response elements to circRNAs were searched for using the software, and the miRNAs were selected according to seed-match sequences. The circRNA-miRNA network was created using Cytoscape (version 3.01; http://www.cytoscape.org/).
Statistical analysis.
Experiments were performed at least in triplicate. Results are presented as the mean ± standard deviation. Results were analyzed using SPSS software (version 17.0; SPSS, Inc., Chicago, IL, USA). When only two groups were compared, Student's t-test was used. One-way analysis of variance followed by Bonferroni's post-hoc test was used to compare differences between multiple groups. P<0.05 was considered to indicate a statistically significant difference. ratio was between 1.9 and 2.0. RNA integrity was observed using a gel imager. Primer specificity was determined using Sanger sequencing. Sequencing results were as expected and primer design was successful. The original map of the sequencing curve is presented in Fig. 1 .
SERPINA4 protein expression in tissues.
Compared with paracancerous tissue, SERPINA4 expression (OD value of SERPINA4/OD value of GAPDH=0.91±0.17) increased in the pancreatic cancer tissue (P<0.05; Fig. 2A ).
Experimental groups and verification. The human pancreatic cancer cell line PANC-1 was divided into three different treatment groups: Overexpression group, silencing group and normal group. Fluorescence microscopy identified that the proportion of cells with green fluorescence to the total number of cells was >90% (data not shown). Following PANC-1 cell transfection, compared with the normal group, hsa_circ_0006215 expression was significantly increased in the overexpression group, but was significantly decreased in the silencing group. Compared with the normal group, miR-378a-3p expression was significantly decreased in the overexpression group, but was significantly increased in the silencing group (P<0.05; Fig. 2B ).
Cell viability assay. PANC-1 cell viability was determined using a CCK-8 assay at 24, 48 and 72 h. PANC-1 cell viability significantly increased over time in the overexpression group (P<0.05; Fig. 3A) . However, no significant increase was observed in the silencing group (Fig. 3A) .
Detection of cell apoptosis using flow cytometry.
Compared with the normal group, cell apoptosis was significantly increased in the overexpression group (apoptotic rate, 26.57±5.51%; P<0.05; Fig. 3B ). The apoptotic rate (3.44±3.38%) was significantly decreased compared with the control (P<0.05; Fig. 3B ).
Transwell migration assay. Compared with the normal group, migratory ability was increased in the overexpression group, but was decreased in the silencing group (P<0.05 Fig. 3C ).
SERPINA4 protein expression in cells.
SERPINA4 expression levels increased in the overexpression group compared with the normal group. Expression levels were significantly decreased in the silencing group compared with in the normal group (P<0.05; Fig. 4 ).
Discussion
CircRNA is a type of non-coding RNA, different from general linear RNA, and forms a covalently closed continuous loop by connecting 3' and 5' ends, which makes it more conservative and stable (14) . CircRNA exists in a stable form in blood, and previous studies have demonstrated that circRNA was a good biomarker for diagnosis (16, 17) . Initially, because of their low expression levels, circRNAs are considered to be the products of alternative splicing failure. Nevertheless, with the emergence of novel sequencing and the development of bioinformatics, it is considered that circRNAs have a regulatory function in eukaryotic cells (18) (19) (20) . Previous studies have suggested that circRNA formation may be regulated by Alu pair inverted repeat sequences, exon skipping, RNA-binding proteins and other factors (21) (22) (23) . CircRNAs are able to regulate gene expression in a variety of pathological conditions, including the occurrence of cancer (24) (25) (26) . In addition to its potential function in regulating tumor progression or response to therapy, circRNAs may also be potential clinical biomarkers for cancer and a target for cancer therapy (27).
The reason for the increasing focus on circRNAs is their rich transcription in eukaryotic cells, and also their function. CircRNAs have been identified to have a function in a variety of biological processes, including miRNA binding, protein binding, transcription and post-transcriptional regulation. Previous studies have identified that circRNAs have the following functions: i) CircRNAs may be used as a 'sponge' to adsorb miRNAs and inhibit its function; ii) the expression of other RNAs may be directly regulated by complementary base pairing; iii) circRNAs may bind to proteins, inhibit protein activity, recruit components of protein complexes or regulate protein activity; and iv) circRNAs may be used as a template for translation to guide the synthesis of proteins (14, 24) . Li et al (12) have reported that cir-ITCH competitive adsorption of miR-7, miR-17 and miR-214 results in increased expression of ITCH, which is able to degrade phosphorylated Dvl2, inhibit the Wnt signaling pathway to inhibit the proliferation of esophageal cancer cells. Studies of the application of circRNAs in colorectal cancer, laryngeal cancer, liver cancer and leukemia have also been performed, and results have indicated that associated circRNAs serve an important function in the occurrence or development of these diseases (28) . Therefore, studies of circRNAs have been performed, but, to the best of our knowledge, no studies have investigated the molecular mechanisms underlying pancreatic cancer-associated circRNAs. There have been important breakthroughs in the research of miRNAs and early diagnosis of tumors (29) . miRNAs are small non-coding RNA molecules that are able to regulate gene expression. miRNAs may be regarded as the main switch of the cell to co-ordinate the expression of a series of genes. Several miRNAs in pancreatic cancer exhibit abnormal expression (13) . miRNAs may be used as tumor markers for early diagnosis, and may also provide targets for tumor-targeted therapy (13) .
EUS-FNA was accurate in detecting cancerous from non-cancerous tissues (30) . Existing imaging methods are sometimes ineffective at distinguishing the nature of pancreatic tumors; however, certainty for pathological diagnosis is required (31) (32) (33) . Pancreatic pathology assessed using minimally invasive methods, including guided CT, guided ultrasound, guided EUS and guided laparoscopic biopsy by EUS-FNA, has become the primary method to achieve detection of proto-oncogene (K-ras) mutations and of loss of the tumor suppressor gene p16 (34) . DPC4 detection may improve the diagnostic accuracy (35) . The diagnosis of pancreatic disease by EUS-FNA was first reported by Vilmann et al (36) . Subsequently, Chang et al (37, 38) identified that a patient with a 1.6-cm pancreatic head tumor underwent the EUS-FNA procedure, which obtained sufficient tissue to confirm the diagnosis of the tumor. Giovanini et al (39) investigated 43 patients with pancreatic cancer, 27 cases of pancreatic cancer, 4 neuroendocrine tumors and 5 cases of cystadenoma using EUS-FNA; the overall sensitivity, specificity and accuracy of EUS-FNA were identified to be 75, 100 and 79%, respectively. Using EUS-FNA, Mallery et al (40) identified no loss in accuracy of EUS-FNA of the tissue samples compared with those obtained using CT or abdominal ultrasound biopsy, and even compared with intraoperative biopsy specimens, although the EUS-guided suction may only rarely be used for histological specimens. The molecular techniques used for the quantitative analysis of K-ras gene mutations in the tissue specimens obtained using EUS-FNA increased the diagnostic information of the specimen (41) . In general, EUS-FNA analysis of pancreatic tumors was identified to be safe, and, in a retrospective study of 100 patients, the incidence of acute pancreatitis was only 2% (42) .
There are a number of SERPIN family members, which are widely distributed in the body (43) . SERPINs have a function in a series of important physiological and pathological processes (44) . SERPINs have an important function in blood coagulation, fibrinolysis, angiogenesis, complement activation, immune regulation and inflammatory reaction. Certain SERPINs may act as hormone transport molecules, molecular chaperones and tumor suppressor factors to exert their non-inhibitory function (45) . They serve a key function in the regulation of various physiological systems in the body and are important factors to maintain the stability of the environment (46) . Analysis of previous genomic database results identified that all multicellular eukaryotes contain multiple SERPIN genes. However, only a few types of SERPIN are present in prokaryotes, which generally contain only one SERPIN gene (47) . In total ~36 SERPIN members exist in humans. According to their distribution in vivo, SERPINs may be categorized as either intracellular or extracellular (48) . The SERPINA subfamily is predominantly extracellularly distributed and serves an important function in immune regulation (46, 49) .
Among SERPINA subfamily members, there has been extensive research on the involvement of SERPINA1, SERPINA3 and SERPINA3N in the immune regulatory mechanism (50) (51) (52) . SERPINA1 is an acute-phase protein, and its level in plasma may increase 3-4-fold following infection (53) . SERPINA1 expression is low in high-grade invasive ovarian epithelial cell carcinoma, but high in low malignant potential tumors. However, overexpression of SERPINA1 in vitro is able to promote the invasion and metastasis of tumor cells (54) . For certain types of tumor, SERPINA1 is effective for treatment with target enzymes directly. However, for other tumors, SERPIN1 may promote malignant progression. These may be associated with different physiological environments in vivo and in vitro (55) . A number of factors are involved in the interaction between SERPINA1 and target enzymes, leading to different results (55) . Whether it is the dynamic balance between the SERPIN and its inhibitors that may affect the chronic inflammatory response, or the transfer and invasion of cancer cells, SERPINA3 is the most typical acute-phase protein; SERPINA3 levels in the circulatory system are markedly increased during inflammatory reaction (56) . The upregulation of SERPINA3 expression is able to suppress the activity of cathepsin G. A number of diseases are caused by SERPINA3 mutations that result in SERPINA3 deficiency or complete deletion. Thus, the downstream pathway is destroyed and the disordered target enzyme is overproduced, eventually leading to tissue damage (57) . The excessive inhibition of cathepsin G is due to the excessive presence of SERPINA3 (57) . Cathepsin G serves an important function in antigen presentation, elimination of pathogens and induction of the inflammatory response, thus it may lead to severe diseases (57) . SERPINA3N, which is part of the SERPINA clade, is the mouse orthologue of the human anti-chymotrypsin and has been identified as an inhibitor of human and mouse granzyme B in vitro (58) (59) (60) (61) .
Transcriptome expression profile and interaction screening demonstrated that circRNAs, miRNAs and mRNA are markedly different between the two types of tissue sample. Previous studies have used Cytoscape software to predict the association between circRNA and their target miRNA (62) . In the present study, bioinformatics database and bioinformatics analysis revealed that the interaction network of hsa_circ_0006215 is most likely to regulate the expression of miR-378a-3p. Further interaction analysis revealed that the most likely regulatory target is the SERPINA4 gene, whose effect in colorectal cancer has been reported previously (63) . A previous study has confirmed that the SERPINA4 gene is present as a cancer-promoting gene in cancer (64) . However, to the best of our knowledge, none of these pathways has previously been identified in the study of pancreatic cancer. The results of the present study identified that, following cell transfection, CCK-8 results indicated that cell viability was increased in the overexpression group, but was decreased in the silencing group. Transwell migration assay results identified that cell migration was increased in the overexpression group, but was decreased in the silencing group. Flow cytometric results demonstrated that the apoptotic rate was decreased in the overexpression group, but was increased in the silencing group. The results primarily reveal that hsa_circ_0006215 is able to increase the migration and apoptosis of PANC-1 cells. RT-qPCR results identified that, compared with the normal group, hsa_circ_0006215 expression was increased in the overexpression group, but was decreased in the silencing group. miR-378a-3p expression was decreased in the overexpression group, but was increased in the silencing group. Western blot assay results indicated that, compared with the normal group, SERPINA4 expression was increased in the overexpression group, but was decreased in the silencing group. Therefore, we hypothesize that hsa_circ_0006215 expression is upregulated in the occurrence and development of pancreatic cancer; the upregulated hsa_circ_0006215 downregulated miR-378a-3p and promoted SERPINA4 expression through its sponge function, thereby initiating and promoting the occurrence and development of pancreatic cancer. In the present study, only one cell line was used to analyze the function of circRNA hsa_circ_0006215; the PANC-1 cell line is widely used and it is representative of the molecular trait of pancreatic cancer. In future studies, the circRNA hsa_circ_0006215 will be analyzed further using additional cell lines.
Using RNA sequencing, circRNA microarray, target gene prediction, interaction prediction, structure prediction and bioinformatics analysis, the function of circRNAs has gradually been revealed: CircRNAs are able to act as an miRNA sponge, act as an alternative splicing regulatory factor, transcription factor or even encode a specific protein.
By controlling the expression of cancer-associated genes, circRNAs are involved in the regulation of cancer cell viability, proliferation, invasion and metastasis. CircRNAs may act as biomarkers and therapeutic targets for the clinical diagnosis and treatment of cancer. Following the emergence of a variety of novel technologies, EUS has now developed as the core of EUS-FNA technology (65) . Elastic imaging, contrast-enhanced ultrasound, biopsy and gene detection are effective and reasonable supplements, and lay the foundation for the early diagnosis of pancreatic cancer. CircRNA research remains in its infancy. The mechanism of production, mode of regulation and biological functions of circRNAs are not fully understood. The progress of studies concerning the association of circRNAs with disease and physiological activity is relatively rapid, but numerous diseases and physical activities have not yet been reported. Cells use a lot of energy and substrates to generate circRNA molecules, therefore these molecules must have further important functions awaiting elucidation.
